well as positive and negative predictive values of 87% and 95%, respectively, were obtained; similar results were found in the validation group. When the best obtainable cutoff on the receiver operating characteristic curve is below 40%, the instrumental diagnosis might be excluded in as many as 33% of cases, since they are not affected by OSAHS or have OSAHS of mild degree. Conclusions: OSAHS is present in almost two thirds of morbidly obese patients. By applying the prediction model we propose, one may calculate the probability of a morbidly obese patient of being affected by OSAHS. Copyright © 2008 S. Karger AG, Basel It is commonly accepted that obesity is one of the major risk factors for obstructive sleep apnea-hypopnea syndrome (OSAHS) [1] and that OSAHS has a higher prevalence among obese subjects than among the general population [2] . In spite of this, little is known on the prevalence of OSAHS in those patients with obesity of severe degree, who more and more frequently present to obesity clinics and medical wards. Likewise, whether morbidly obese patients show peculiar clinical findings that may make it easier to suspect and, thus, diagnose OSAHS, has not been definitely demonstrated.
early, performing polysomnography in all patients at risk is realistically impossible. Several authors have attempted to predict OSAHS on clinical grounds [3, 4] with the aim of excluding diagnosis, establishing an a priori probability and prioritizing patients for instrumental diagnosis in order to reduce the pressure on the overcrowded diagnostic centers. Most studies so far have investigated patients with obesity of mild to moderate degree with often conflicting results that show on average a low specificity in making the final diagnosis [5] . A frequent bias of these studies was that patients had been enrolled on the basis of typical symptoms of OSAHS and the criteria used for suspicion had also been employed for elaborating prediction rules. Recently, a report on overtly asymptomatic patients has been published but includes only moderately obese patients [6] .
Therefore, we planned a study that included consecutive morbidly obese patients referred for reasons different from suspicion of OSAHS, whose symptoms were unknown to the investigators. In such a sample of patients, we wanted to evaluate: (1) the prevalence and the clinical pattern of OSAHS and (2) the possibility of predicting the disease on the basis of a simple structured model.
Methods

Study Population
The study was approved by the local Institutional review board and all patients agreed that data regarding their health status could be used for scientific purposes. The study evaluated consecutive morbidly obese patients referred to the obesity clinic. The only inclusion criterion adopted to enter the study was a value of body mass index (BMI) 6 40, while the presence of symptoms/signs compatible with OSAHS prior to the study was unknown to the investigators. At a later time, consecutive morbidly obese patients with similar clinical and morphologic characteristics were enrolled and utilized as a validation group.
History and clinical findings were investigated in all patients, with particular attention to symptoms and signs reported in the literature to be frequently associated with OSAHS, such as habitual snoring, apnea reported by bed partner, nocturnal awakenings, diurnal sleepiness and nocturia. In particular, diurnal sleepiness was assessed using the Epworth sleepiness scale (ESS) [7] , with the normal range of ESS scores between 2 and 10. In particular, diurnal sleepiness was considered as such when the score was higher than 10. Morphologic data such as BMI, Broca index, neck circumference and neck circumference normalized by height were obtained. Neck circumference was determined at the level of the cricothyroid membrane [8] . According to the Italian guidelines for diagnosis of OSAHS [9] , we have considered a neck circumference 1 43 cm in males and 1 41 cm in females as a risk factor for OSAHS.
A respiratory functional evaluation was obtained by spirometry (Pulmonary System 47804A; Hewlett Packard) and diffusing lung capacity of CO (Elite Series TM Plethysmograph; MedGraphics) following the ATS guidelines [10] . Arterial gas analysis was performed by an IL 1302 apparatus (Instrumentation Laboratories).
All patients underwent a cardiorespiratory sleep study performed at nighttime in the hospital under nurses' control by means of a polygraph (Somno Check; Vivisol). In all cases, a sleep duration of at least 5 h was requested. In particular, measured variables included oronasal flow by nasal cannula, thoracoabdominal movements, pulse oxymetry, snoring and body position. The results were all scored by the attending physician expert in sleep studies and never left to the instrument alone [11] . Apnea was defined by the absence of airflow for 1 10 s. Hypopneas were defined as any airflow reduction of 1 50% that lasted for 1 10 s and resulted in oxyhemoglobin desaturation (3% dip rate). The apneahypopnea index (AHI) was defined as the sum of the numbers of apneas and hypopneas per hour of sleep. OSAHS was diagnosed as present when AHI was 1 5. According to the American Sleep Disorders Association Task Force criteria [12] , sleep-related obstructive breathing events were scored as mild when between 5 and 15 events/hour of sleep were present, as moderate when there were between 15 and 30 events/hour of sleep and as severe when 1 30 events/hour of sleep were present. OSAHS was present when sleep monitoring demonstrated 5 or more obstructed breathing events per hour of sleep associated to characteristic symptoms and signs such as excessive daytime sleepiness, choking or gasping during sleep, recurrent awakenings from sleep and impaired concentration. In patients with a negative cardiorespiratory sleep study showing diurnal sleepiness, a complete polysomnography was performed to avoid false-negative diagnosis in accordance with the American Sleep Disorders Association report [13] .
Statistical Analysis
Quantitative variables are expressed as means 8 SD, while qualitative variables are expressed as percentages. Differences in the baseline characteristics in the 2 sexes and between OSAHS and non-OSAHS patients were evaluated in a univariate analysis by t test and Wilcoxon's rank sum test for quantitative variables and by the 2 test or Fisher's exact test for qualitative variables. Two-sided p ! 0.05 were considered statistically significant.
In order to estimate the probability of OSAHS, a multivariate analysis was performed through the logistic regression model. Qualitative variables were considered as dummy variables, coded as 0 (absent) and 1 (present). The model initially included all variables that were statistically significant or near to significance in the univariate analysis. A backward elimination procedure was used, variables with p 1 0.05 were removed from the model step by step according to their p value. The performance of the final model was evaluated by the area under the receiver operating characteristic (ROC) curve and by its ability to correctly classify patients as OSAHS and non-OSAHS patients. The classification of patients was performed assuming as OSAHS patients those with a probability of OSAHS predicted by the final logistic regression model 1 0.40. The cutoff value of 0.40 for the predicted probability of OSAHS was obtained by the ROC curve using the highest sensitivity with the highest specificity as selection criteria. In the ROC analysis the probability of OSAHS predicted by the final logistic model was used as classification variable, while the variable referring to the presence or absence of OSAHS was consid-ered as reference variable. The performance indexes used were sensitivity, specificity, positive predictive value, negative predictive value, true prevalence, apparent prevalence, Youden's J index and concordance index. Youden's J combines information about sensitivity and specificity into a single value (sensitivity + specificity -1), and ranges from -1 for a worthless test to 1 for a perfect test. index expresses the proportion agreement beyond chance. A of 0 indicates no agreement beyond chance, while a of 1 indicates perfect agreement. The logistic regression model was cross-validated to check for overfitting of the data by using a validation group of new obese patients that had not been used for estimating the model.
Results
General Data
One hundred and one patients were included in the study: 33 were males and 68 females; age ranged between 20 and 80 years; mean weight was 125.1 8 21.2 kg (range 95-207) and mean height was 164 8 9 cm (range 149-197). BMI ranged between 40 and 77 and its mean value was significantly higher in females (p = 0.015). Neck circumference, even when normalized by height, was significantly higher in males (p = 0.002), while more than two thirds of patients (97.0% of males and 57.4% of females, p ! 0.0001) showed a neck circumference higher than the cutoff value for females and males.
Previous diagnoses of chronic obstructive pulmonary disease and arterial systemic hypertension were found in 22.8 and 56.4% of patients, respectively; 30.7 and 6.9% of subjects presented diabetes mellitus and myocardial ischemia, respectively, which occurred significantly more frequently in males (p = 0.038 and p = 0.005, respectively).
Most patients showed typical symptoms of OSAHS, such as habitual snoring (90.1%), nocturnal apneas (40.6%), nocturnal awakening (50.5%), diurnal sleepiness (61.4%) and nocturia (39.9%); males had apneas with a significantly higher frequency (p = 0.019).
The evaluation of the pulmonary function ( table 1 ) shows that most spirometric variables were within the normal range, however, with a broad variability. Nevertheless, a statistically significant lower mean value of forced expiratory volume in 1 s was found in males (p = 0.009), while functional residual capacity (FRC) was lower in females, though not significantly (p = 0.208). Lung diffusion capacity of CO was normal on the average, although 15% of the subjects presented a slight reduction (data not shown). Mean values of measured arterial oxygen pressure were significantly lower in men ( table 1 ) .
OSAHS was found in 61 (60.4%) patients (AHI: 28.3 8 29) and showed a higher prevalence in men (78.8% of males and 51.5% of females). Of all patients, 13.9% were of mild, 12.9% of moderate and 33.7% of severe degree; furthermore, the prevalence of OSAHS of severe degree in males was 2-fold higher (48.8 vs. 26.5%). Mean nocturnal saturation was significantly lower in men (90.5 8 4.9 vs. 92.6 8 3.6, p ! 0.05). Minimum nocturnal saturation (SpO 2 min) was lower in men, though not significantly (70.8 8 13.8 vs. 75.5 8 12.2). Among 40 (39.6%) patients in whom OSAHS was excluded, 11 showed diurnal sleepiness and, therefore, underwent polysomnography that confirmed the negativity. This procedure was also applied to the 45 patients of the validation group. Among the 11 patients in whom OSAHS was excluded, 3 underwent polysomnography that showed negative results.
Prediction of OSAHS
By dividing patients into 2 groups, OSAHS and non-OSAHS, we evaluated the distribution of variables associated with both groups, as reported in tables 2 and 3 . In order to identify the findings independently associated with an increased likelihood of OSAHS, we included the significant variables listed above in the multiple logistic regression model. Through a backward elimination procedure, a model with 3 clinical variables (age, male sex fig. 1 ). The cutoff value for the predicted probability of OSAHS with the highest sensitivity and specificity was 0.40, equivalent to a sum value of 0.40. Consequently, patients with a predicted probability of OSAHS 1 0.40 were classified as patients with OSAHS. The performance indices of the model obtained using this cutoff value are reported in ble 4 ), thus demonstrating the practical applicability of the model. Since evaluating whether the actual prevalence of OSAHS was consistent with the probability of OSAHS predicted by the logistic regression model could be relevant from a clinical point of view, we divided the predicted probability into 2 categories: ^ 40 and 1 40%. Table 5 reports the actual prevalence of OSAHS among patients in each probability category for the logistic regression model. Among the subjects with a predicted probability of OSAHS ^ 40%, only 6% were affected by OSAHS (false-negative patients), which was, however, of mild degree. Among the subjects with a probability of OSAHS 1 40%, 13% did not present OSAHS (falsepositive patients). Results obtained in the validation group are reported in table 5 . Thirty-three percent of patients -those with a predicted probability of OSAHS ^ 40% (true-negative and false-negative patients) -could safely avoid or postpone the instrumental diagnosis in that none of the false-negative patients showed an OSAHS of moderate or severe degree.
Discussion
Patients with morbid obesity are becoming more frequent and are often referred to overcrowded centers for diagnosis. So far, recognizing OSAHS is still difficult, as it is realistically unfeasible to provide an instrumental diagnosis for all these patients. Therefore, it would be extremely useful to know the typical symptoms or early signs of the disease and be able to select patients on the basis of simple, practical rules.
Our results showed a 60% prevalence of OSAHS among morbidly obese patients, with a significant difference between the 2 sexes: 80% of males and 50% of females. As to degree of severity, this was almost twice as high among males, perhaps due to factors such as body fat distribution and influences of hormones on upper airway resistance [14] [15] [16] [17] . So far, the prevalence of sleep-disordered breathing has been estimated in obese patients, but rarely in extremely overweight people not selected on the basis of typical symptoms of OSAHS. A recent study on subjects with BMI 1 35 reported a 70% prevalence of the disease [18] ; however, all components of this group had been included since the subjects were overtly symptomatic of OSAHS.
Our patients, although not selected on the basis of symptoms or signs, showed findings typical of the disease in most cases. Moreover, several comorbidities were detected. Arterial blood hypertension was found in more than half the subjects, equally distributed in both sexes. Several studies have shown the association between OSAHS and hypertension; for example, the study by Dincer and O'Neill [19] showed that OSAHS continues to be a significant heart risk factor as intermittent hypoxemia may increase in sympathetic drive. In our population, diabetes mellitus was most frequent, twice as frequent in males; myocardial ischemia was present almost uniquely among males, in agreement with the figures reported in the literature [20] [21] [22] .
Spirometry showed average values within the normal range, with the exception of a reduction of expiratory reserve volume and FRC. A restrictive syndrome was found in only 13% of cases, but reduction below the range of normal values of expiratory reserve volume and FRC were found in 52 and 48% of the cases, respectively. A minor role seemed to be played instead by air flow limita- The classification by logistic regression was performed considering as patients with OSAHS those patients with a predicted OSAHS probability >0.40. tion indices. The mean value of the measured arterial oxygen pressure was significantly lower in men than in women, perhaps due to the higher presence of cardiorespiratory comorbidities and smoking addiction in males.
Another objective of our study was to predict OSAHS in the above population by simple, inexpensive methods, which would allow to avoid, or postpone, the need for instrumental sleep studies in this subset of patients. So far, such studies have never been conducted on consecutive morbidly obese patients who were enrolled for reasons different from the symptoms they complained. As a matter of fact, some studies worked out prediction models of OSAHS obtained from groups of patients enrolled because they complained of OSAHS symptoms and had a BMI ranging from normal to very high [23, 24] , whereas other studies were conducted on severely obese patients complaining of typical signs of OSAHS [18, 25, 26] . A recent study performed on asymptomatic subjects suffering from obesity of moderate degree has found predictive factors in the waist-hips ratio, male gender, neck circumference and nocturnal reduction of saturation; the sen sitivity and specificity of the model shown were fairly good [6] .
By applying our prediction model, we were able to calculate the probability of each of our patients in the series affected by OSAHS. The model, which considers age, sex, diurnal sleepiness and SpO 2 min, obtained a sensitivity of 97% and a specificity of 77%, with a positive predictive value of 87% and a negative predictive value of 95%. Similar results (better specificity and positive predictive value) were obtained in the validation group of patients with similar characteristics, therefore confirming the practical applicability of the model.
How to Use the Prediction Rule
Our prediction rule shows to be both effective and safe. As to the effectiveness, the probability of a subject being affected by OSAHS can be simply calculated by using the graph in figure 1 : since the best cutoff for the predicted probability of OSAHS was 0.4, patients having a probability of OSAHS ^ 40% would not require polysomnography. In fact, the degree of correspondence between the actual and estimated probability of OSAHS in these patients is high: false-negative patients account for only 3% (2/60) in the study group and 15% (5/34) in the validation group, and all have a disease of mild degree. Conversely, patients with a probability of OSAHS 1 40% should be referred to a sleep study, since the correspondence between the actual and the estimated probability of the disease is quite poor, due to 23% (9/40) and 9% (1/11) of false-positive patients in the study and the validation groups, respectively. The application of this rule allowed us to avoid requesting the instrumental diagnosis in 33% of patients in our series, relieving the already overcrowded diagnostic centers from any further burden. Such a percentage of patients not requiring the instrumental diagnosis appears to be the greatest possible. In fact, if we consider the patients of both the study and validation groups together, the instrumental diagnosis should have been done in 94 patients affected by OSAHS, while, on the basis of our decision rule, 97 patients should have been submitted to the instrumental examination, that is only 3% more than the expected percentage.
In terms of safety, the model shows 100% sensitivity, since no patient with moderate or severe OSAHS risks to be missed. Conversely, a few patients will be undergoing an unnecesssary cardiorespiratory sleep study or polysomnography, which, however, appears to be an acceptable bias.
Limitations of the Study
The diagnosis of OSAHS was not established with polysomnography in all cases, since this is not routinely performed in most centers, ours included. However, in the presence of symptomatic patients -namely those with diurnal sleepiness -we do consider a positive cardiorespiratory sleep study performed at nighttime in hospital as diagnostic, and a negative one as requiring further investigation by polysomnography, which was indeed performed in the present study [13] . Conversely, when symptoms are scarce or absent, we consider it reasonable to rely on a negative cardiorespiratory sleep study alone.
One could argue that the necessity of performing nocturnal pulse oxymetry may limit the applicability of the rule. Nonetheless, the cost of such examination is futile and, since several attempts of predicting the diagnosis of OSAHS on the basis of clinical formulas alone have given discouraging results [5, [24] [25] , we believe that the rule that we present may be a fairly good practical compromise.
It should though be stressed that the present study is only applicable in obese patients with a BMI 1 40, which, however, are more and more frequently referred to the obesity clinics and are often hospitalized and submitted to investigations of high social costs.
Finally, few patients of our series might be affected by both OSAHS and hypoventilation syndrome. Although this may be relevant in order to choose the right ventilation therapy once the diagnosis is made, it does not change results as far as the prediction rule is concerned.
